clinical outcomes and which imposes high costs on both patients and the healthcare system 10 as reflected by long hospital stays and more readmissions. 11 In a new movement to decrease healthcare costs, much attention has been focused on the rate of readmission during the first 30 days after discharge from hospital. 12 The rate of readmission 30 days after discharge is about 20% among all Medicare patients with an approximate cost of $17.4 billion. 13, 14 Hospital readmission is common, undesirable, and usually used as a quality indicator of care in the United States and England. Moreover, it is linked to financial penalties. 15, 16 Decreasing readmission provides an exclusive opportunity for improving quality and for reducing costs, and it is considered a priority in quality improvement. 17 Some studies have shown that most readmissions are preventable; reducing readmission rates is considered a factor for improving quality in the future. 18 The need to decrease costs arising from early rehospitalization and increasing readmission within 30 days after discharge has attracted the attention of researchers and other authorities to find solutions for reducing potential and preventable hospital readmissions. 19 Indicators, such as readmission rate, bed occupancy, 20 mortality, and length of stay, are used to assess hospital performance and quality of care and are interrelated, which will affect the explanation of hospital outcomes, 21, 22 although in some studies, such relationships have not been supported. 21 A limited number of studies have investigated patient readmission after heart surgery. 9 Investigating the correlation between hospital performance indicators and readmission rate after heart surgery can help decision makers and authorities in carrying out necessary interventions to manage hospital beds, planning suitable solutions for decreasing patient readmission, reducing costs arising from patient readmissions, and increasing the quality of patient care.
Objective
It is noteworthy that to date, only a limited number of studies have investigated patient readmission in northern Iran. Furthermore, the teaching hospital selected for this study is the largest hospital in the region; there is no other hospital west of said province that can accommodate cardiac surgery patients. It seems that there are cases of patients being readmitted to this hospital after open heart surgery. Therefore, the current study aimed to investigate the relationships between performance indicators and readmissions of patients who have had open heart surgery in the teaching hospital in order to recognize the causes associated with patient readmissions and reduce them.
Methods
This cross-sectional and descriptive study was conducted with a retrospective approach. The statistical population of the study comprised all patients who had undergone open heart surgery between mid-September 2015 and mid-September 2016 in a teaching hospital in northern Iran (n=849). Those patients readmitted to the hospital during the first 90 days after discharge from hospital were included in the study.
It was deemed likely that some patients who had undergone heart surgery but had not been readmitted would have been admitted to another hospital during the study period. To investigate this issue, 450 patients of the study population were randomly selected based on the Morgan table and contacted by telephone about the possibility of their readmission in other hospitals.
Two data collection forms, created based on the literature review and verified by three experts, were used to collect patient data, readmission rates, and hospital performance indicators for 12 months. The forms collected data related to the patients' age, gender, type of insurance, place of residence, occupation, cause of admission, type of treatment, admission date, discharge date, length of stay, reason for readmission, and readmission and discharge dates. Moreover, the forms gathered data on 5 items related to hospital performance indicators, i.e. average length of stay for patients, bed turnover rate, percentage of bed occupancy, bed turnover interval, and mortality rate. The above-mentioned items from the collection data forms, duration of the performance indicators, and readmission rates were categorized on a monthly basis over a given year.
After obtaining ethical approval for the study from Iran University of Medical Sciences, the researchers obtained permission from the related authorities and the manager of the selected teaching hospital to collect the required data. They were committed to preserving confidentiality regarding the patients' information and the name of the hospital.
Then, patients' readmissions data and the hospital performance indicators were gathered according to the data collection forms with successive visits to the statistics and medical records units of the hospital. Using the hospital information system, patients who were readmitted to the hospital during the first 90 days after heart surgery were identified. The medical records of all rehospitalization cases were studied and the relevant information collected.
Moreover, 450 patients who were not readmitted to the hospital were also identified and questioned in a telephone conversation about the possibility of their being readmitted to other hospitals.
Data was analyzed using descriptive statistics (frequency, percentage, mean, and standard deviation), Spearman correlation coefficient (because only 12 months of data was gathered), and SPSS 20.
Results
Data analysis results indicated that among the 849 patients who had undergone open heart surgery in the selected teaching hospital, a total of 106 patients (12.5%) had been readmitted within the first 90 days after discharge, and of these cases, 84% were readmitted within 30 days after discharge.
The 450 patients who were not readmitted to the studied hospital were called, and it was found that 14 (approximately 3.1%) of them had been readmitted to other hospitals within 90 days after discharge. As shown in Table  1 , most readmitted patients were women (55.7%), living in rural areas (59.4%), and mostly housekeepers (49.1%). The average age of the readmitted patients was 64.5 years, and their average length of stay (LOS) was 21.65 days. As seen in Table 2 , the most common reason for patient readmission was coronary artery disease (CAD) (49.1%), and the highest frequency of their treatment type was coronary artery bypass grafting (CABG) (49.1%).
It should be noted that 106 patients were readmitted to the hospital with the first 90 days after heart surgery ( Table  2) , while 6 of them were readmitted 2 times after heart surgery. Therefore, the total number of readmissions was 112 times (Table 1) . Table 3 shows the monthly status of patient readmissions and performance indicators, including bed occupancy rate, number of deaths, LOS, bed turnover rate, and bed turnover interval in the selected teaching hospital in northern Iran from mid-September 2015 to 2016 (Table 3) .
According to the results of the Spearman correlation coefficient test (Table 4) , bed turnover rate and readmissions had a reverse statistically significant correlation (P = 0.018). Also, bed occupancy rate and readmissions had a reverse statistically significant correlation (P = 0.042). This indicates that increasing bed turnover and bed occupancy rates will decrease patient readmission rate (Table 4) .
It is necessary to note that the result of the Spearman correlation coefficient test on the collected data indicates that there is no significant statistical correlation between patient readmissions and other performance indicators, including length of stay (P = 0.175), bed turnover interval (P = 0.119), and mortality (P = 0.399) ( Table 4 ).
Discussion
Based on the collected data, the findings indicate that among the 849 patients who had undergone open heart surgery in the selected teaching hospital in northern Iran, a total of 106 of them (12.5%) were readmitted within 90 days, and among them, 84% were readmitted within 30 days after discharge. Also, it was estimated that 3.1% of the patients were readmitted to other hospitals during this 90-day period. The most common reason for patient readmission was CAD (49.1%), and the treatment type with the highest frequency was CABG (49.1%).
The most important reasons for readmission in this study were infection in surgery site (25.8%), pleural effusion (18.7%), Warfarin toxicity (9.8%), and tamponade (8.9%).
There were inverse relationships between readmissions and the two performance indicators of bed occupancy percentage (r = -0.594, P = 0.042) and bed turnover rate (r = -0.664, P = 0.018), and there were no statistically significant correlations between any of the other indicators (length of stay, mortality, and bed turnover interval) and patient readmission (P > 0.1).
Espinoza et al 23 estimated the rate of rehospitalization 30 days after open heart surgery to be 11.7%, average patient age was 65, and most readmitted patients were women with a length of stay of more than five days. The highest rate of surgery was related to CABG, which was consistent with the present study.
Iribarne et al 18 showed that the rate of rehospitalization 65 days after open heart surgery was 18.7%, of which 80.6% comprised readmissions within 30 days after surgery. The main reasons for readmission included infection, arrhythmia, increased intravascular volume, pleural effusion, and chest pain. The average length of stay was 22 days and rehospitalization occurred most among females and CABG patients. The average age of readmitted patients was 64 years.
The findings of the present study are relatively consistent with those of Iribarne et al, except for the rehospitalization rate. The high readmission rate seen in the study of Iribarne et al 18 compared with that of the present study could be due to their larger sample size and greater number of centers. 10 Redzek et al 9 determined the rate of readmission among open heart surgery patients to be 9.54%, of which 56.2% were readmitted within 30 days after surgery. Congestive heart failure, sternal dehiscence, arrhythmia, infection, chest pain, and pericardial effusion were the most important reasons for readmission. The average age of the readmitted patients was 68 years, and CABG was the most common cause of heart surgery, which is consistent with the findings of the present study.
Magnus et al 24 found that the most important causes for readmission in patients with open heart surgery were infection, tamponade, pleural effusion, and arrhythmia, which seems comparable with the findings of the present study.
Redzek et al 9 concluded that there was no significant correlation between length of stay and readmission after open heart surgery, which is consistent with the findings of the present study.
Sud et al 25 conducted a cohort study on 58,230 patients suffering from heart failure in Canada. Their results showed that a long length of stay is correlated with increases in readmission and mortality. The present study did not show a meaningful relationship between length of stay and readmission, although this correlation was negative. Compared with the findings of Sud et al, 25 it is possible to assume that different results would have been obtained if the present study period lasted longer than one year and more hospitals were studied.
Maniar et al 26 concluded that there was a positive correlation between length of stay and readmission in open heart surgery patients; increasing the length of stay may result in increasing readmissions. The difference between the results of the present study and those of Maniar et al 26 could be due to their use of a logistic regression model, a high number of samples (2096), and a longer period (25 months).
Lingsma et al studied patients discharged from 26 hospitals during 2007 to 2012. Their findings revealed that the readmission rate among these patients was not associated with either long length of stay or mortality. According to the findings of the current study, there was no significant correlation between readmission and the two indicators of mortality and LOS, which confirms the study results of Lingsma et al. 21 Do et al 27 studied the effect of a heart failure care program on the outcomes of 257 patients in Vietnam. Their results revealed that the readmission rate 60 days after discharge 28 conducted a cohort study with 162 patients aged 18 years who had undergone cardiac surgery between 2010 and 2014. They found that 12.9% of the patients experienced readmission or death during the first 30 days after discharge. This finding matches that of the present study, although the average age of the patients differed between the two studies. Parker et al also showed a correlation between readmission and mortality after surgery, which is not comparable with this study, possibly because of the different methodologies, study periods, and the average age of the samples.
The rate of readmission, reasons for it, and its relationship with some performance indicators may be confirmed by other research results, although in some cases the evidence does not support the findings of this study.
As a limitation of this study, it should be mentioned that among the various performance indicators of hospitals, only five were selected and investigated in this study. It seems that more, other hospitals should be studied.
Conclusion
This study indicated that the most important reasons for readmission after cardiac surgery in the teaching hospital include infection, pleural effusion, warfarin toxicity, and tamponade. Patient readmission was found to be inversely correlated with bed occupancy and bed turnover rate. The hospital administrators may use these results in planning for proper bed management and targeting interventions to reduce costs and decrease patients' readmissions after cardiac surgery. The main causes and related factors of patient readmission identified in this study can give a better understanding so as to take advantage of hospital data and performance indicators in line with increasing efficiency and effectiveness.
According to the results of this study and other similar studies, infection is one of the most important causes of readmission, which also requires the adoption of necessary measures and initiatives to moderate and reduce the rate of readmission of patients after open heart surgery and, ultimately, to improve the quality of service.
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